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REMARKS 

Applicant acknowledges with appreciation the indication in the Advisory Action 
that the §102 and §103 rejections based on U.S. Patent No. 5,872,259 and 
WO 97/32644 have been withdrawn. 

The rejection of claims 1-10 under 35 U.S.C. §1 03(a) as unpatentable over 
the Davey et al article in view of U.S. Patent No. 4,010,142 to Hurlock et al has been 
maintained for the reasons given in the attachment to the Advisory Action. The 
following arguments and attached documents are directed to the comments set forth 
in the attachment to the Advisory Action. 

It appears to be the Examiner's position that the purification process 
described in Hurlock et al '142 which involves crystallization and recycling of the 
mother liquor, would be applicable to any type of purification by selective 
crystallization as it allegedly would not be affected by the specifics of the method. 
The Examiner concludes that it would have been obvious to one of ordinary skill in 
the art at the time of the presently claimed invention "to apply the wash and recycle 
step of Hurlock et al on any purification process using selective crystallization, 
including those which use emulsion crystallization such as Davey et al." 
Respectfully, Applicant disagrees. 

The basic assumption in the rejection is that selective crystallization for 
purification is taught by Hurlock et al for achieving separation and purification. This 
represents an oversimplification of the process of Hurlock et al. The basic problem 
to be solved in the Hurlock et al reference is the separation of acrylamide from 
impurities, especially the predominant "trienamide" (heptoanoamide-1,3,5-triene), 
see column 1 , formulae around line 50 and text in lines 61 to 65. The reference 
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discloses a process of vacuum-stripping at 25-50°C an originally dilute aqueous 
acrylamide solution to generate an acrylamide concentration of 80%. Thus, most of 
the mother liquor has been removed and most of the organic compounds present in 
the dilute aqueous acrylamide solution also will be removed during this distillation 
process of vacuum-stripping, which basically corresponds to a vacuum steam 
distillation, as will be recognized immediately by a person skilled in the art. 

Those skilled in the art will also recognize that the process in Hurlock et al in 
fact, involves two processes: (1) purification of acrylamide solution by removal of the 
trienamide via steam distillation, and (2) crystallization of the acrylamide from the 
mother liquor to obtain it in solid form and (as this has been removed by the steam 
distillation) with less of the triene impurity, followed by repetition of this process using 
only the mother liquor and the wash water (not the condensate) from the preceding 
acrylamide crystallization. This is evident from Table I and Example 1 in Hurlock et 
al. In Example 1 , a steam distillation first takes place; the vacuum used for 
evaporation of the acrylamide solution in the first step is adjusted so as not to 
exceed 50°C (see column 3, lines 65 and 66). When an acrylamide concentration of 
approximately 80% is reached in the solution due to removal of the solvent, the 
stripping is stopped. 

That, in fact, the trienamide impurity is removed by the steam distillation under 
the conditions outlined in Hurlock et al can be deduced by a person having ordinary 
skill in the art from the information in Hurlock et al is evident from the following 
translation from Rompp Chemielexikon, Georg Thieme Verlag, Stuttgard, 9*^ ed., 
Issue 6, page 5000 (see also literature cited therein, copy of the German original is 
enclosed): 
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Steann distillation is a frequently used technique to 
extract organic compounds, which have a high boiling point 
and a low solubility in water. These high boiling compounds 
can be distilled already at a temperature around 100°C (at 
1013 mbar), either if they are boiled together with water or a 
water steam is led through the mixture. To the low vapour 
pressure of the organic component the high vapour pressure of 
the water steam is added (Daltons rule) to reach easily a sum 
of 1013 mbar (or a lower value if performed under reduced 
pressure), to that (a lot of ) water and (a little bit of) the organic 
compound are distilled off at the same time. 

This teaching can be generalized as follows: As this steam distillation is based 
on a generally valid physical principle, it can also be performed under reduced 
pressure and accordingly reduced temperature (vacuum steam distillation). A recent 
example herefore is the vacuum steam distillation used by Pennarun et al. (copy 
enclosed) to extract organic components from raw oysters at 25°C. 

The polarity of the triene with its longer carbon chain, when compared with 
acrylamide itself, is much lower than that of acrylamide. Therefore, the miscibility of 
the triene with the water used as solvent in Hurlock et al is low, while that of 
acrylamide is quite high (80% concentration at 50°C is possible, as evidenced in 
Hurlock et al), and thus the triene can be readily removed with evaporating water. 
Due to its lower solubility, it is thus preferentially removed by the stripping process 
and finally discarded with the condensate resulting from the stripping process (which 
condensate is not recycled in Hurlock et al, as this would logically re-introduce the 
impurity). 

To provide evidence of this removal of the triene by steam distillation, two 
references are enclosed which show comparable processes for comparable 
compounds: In A.-L. Pennarun et al., J. of the Science of Food Culture 82(14), 1652- 
1660 (2002), compounds contributing to the aroma of oysters are extracted by 
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vacuum steam distillation at 20°C (see introductory abstract of the enclosed copy of 
the article). Among the compounds thus distilled from the aqueous oyster medium 
are various medium-chain aldehydes and alcohols, such as 1-octen-3-ol, nonanal, 
pentenal, pentenol, hexanal, heptadienol and the like (see page 1655, left column 
first paragraph). Also, for example, pentanoic acid, octanoic acid, heptanol, 2- 
butoxyethan-1-ol, 3-methylthio-1-propanol or the like which have comparable 
molecular structure to that of the triene impurity in Hurlock et al (see Table 1 of 
Pennarun et al). This is evidence that this type of vacuum steam distillation is 
applicable for removal of the triene in Hurlock et al. 

Another article by Pfeifhofer, W.W. in Flavour and Fragrance Journal 1_5, 266- 
270 (2000) provides a further example of such a process. There, the volatile 
metabolites of Pinus canariensis are obtained by hydrodistillation of pine needles cut 
into small pieces. A number of monoterpenes (with 10 carbon atoms) and also 2- 
hexenal are found in the condensate (see paragraph bridging the left and right 
column on page 267). 

Mechanistically, in Hurlock et al the evaporation is far more than a mere 
concentration of acrylamide for subsequent crystallization. The evaporation step 
also appears to contribute essentially to the removal of the undesired triene. If 
significant purification is attained during the crystallization step, then the residual 
mother liquor will be enriched in the trieneamide. Since, in the subsequent steam 
distillation step, the concentration of the trienamide is increased, a larger portion of 
the trienamide will be removed during such subsequent distillation. Thus, the steam 
distillation process also appears to be a critical purification process. 
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Applicant reiterates that the evaporated liquid in the Hurlock et al process is 
not recycled - which logically follows othenA^ise the impurity would be re-introduced 
into the mother liquor. Only the mother liquor and the washing liquid, which is used 
for washing the acrylamide crystals, are recycled. Thus, there is actually no 
complete recycling of the water used as solvent. Instead, additional fresh diluted 
acrylamide solution is added to allow for the repetition of the vacuum steam 
distillation. There is no recycling of the mother liquor as is claimed in the current 
patent application, since the main part of the original solution, i.e., the condensate, is 
in fact discarded. Therefore, the Hurlock et al process clearly does not correspond 
to the process claimed in the present application. 

On the other hand, Davey et al is directed solely to emulsion crystallization. 
There is no mention or suggestion therein of recycling. Actual crystallization is 
employed to obtain pure product crystals. To use the emulsion 
crystallization/vacuum steam distillation process disclosed in Hurlock et al in the 
process of Davey et al is not suggested in the references nor is there any motivation 
for a person skilled in the art to combined emulsion crystallization and recycling. 
Moreover, applying a steam distillation step as in Hurlock et al with enrichment of the 
desired compound to an emulsion will most certainly lead to a breakdown of the 
emulsion as would be recognized by those of ordinary skill. Thus, there would have 
been no motivation to combine Hurlock et al and Davey et al. 

This conclusion is further supported by the disclosure in Davey et al in the last 
paragraph on page 666, which suggests a totally different strategy for further 
improvement of their enrichment of m-chloro-nitrobenzene from mixtures with 
undesired p-chloro-nitrobenzene. In that paragraph, they suggest as an alternative, 
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adding specific crystallization inhibitors for the undesired compound. Recycling is 
not mentioned as an alternative. From this perspective, there would have been no 
motivation whatsoever to combine the Hurlock et al and the Davey et al references 
to arrive at the present invention which offers a totally new principle that is not prone 
to the limitations of Hurlock et al (mandatory inclusion of a steam distillation process) 
and Davey et al alternative (suggestion of using crystallization inhibitors rather than 
recycling). 

For at least the reasons enumerated above, the combined disclosures of 
Davey et al and Hurlock et al '142 fail to render obvious the process described in 
claims 1-10. Accordingly, the §1 03(a) rejection based on combining the above- 
mentioned documents should be withdrawn and such action is earnestly solicited. 

From the foregoing, further and favorable action in the form of a Notice of 
Allowance is believed to be next in order and such action is earnestly solicited. If 
there are any questions concerning this paper or the application in general, the 
Examiner is invited to telephone the undersigned at (703) 838-6683 at his earliest 
convenience. 



Respectfully submitted, 



Burns, Doane, Swecker& Mathis, l.l.p. 



Date: September 20. 2004 
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pounds in oysters arc important for descnbmg their 

^ed in aroma research. Hus technique can be used 
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MATERIALS AND METHODS 
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FiBure 1. Aramagmm <^ «l8iiu» compound* oi oywr DsesaWM S(fi 
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odoor was perceptible, w give an odour descnptor 
and to assesB the intensiqr of ihe odour on a ocalc ot 
1-9 (l=very weak odour intensity, 9=very strong 
odour intensity). Each judge partidpated in sniffing 
for aOmin maximum. Owing to this short pcnod of 
snifiing, the judges stayed ale«. An odour smeUed by 
less than three panellists was considered as noise. 
The 10 individual aromagrains were summed to yield 
a final aromaetam (detection frequency versus rcien- 
don index) (see Fig 1). Tht GOO system consisted of 
a gas chromatograpb (Star 3400, Varian) and a sniffing 
port suppUed wiih humidified air at 40°C. A 3jd 
aKquot of vacuum steam distilladon exiraa was 
iaiected in splidess mode at 250°C into a capi^ 
column, die same as used for quantification. THe 
heUum carrier gas flow rate was 1 mJ min" . The oven 
tempeiarure was programmed as for quantificanon. 

Sensory evaluation of oyster and aroma extract 

Seven judges trained in seafood aroma recogninon 
generated descriptors for fresh raw oysters. ' A list of 
eevcn descriptors was established after discussion 
bcTwecn the panellists to eliminate inappropriate or 
redundant ones. These descriptors were oyster, sea- 
side, seaweed, grass, cucumber, floral and mud. The 
descriptor cardboard was added to this list at die 
judges' request to evaluate the odour of vacuum steam 
difldllauon oyster extract. The oyster extract, after 
appUcarion on an odour blotter strip, and the oyster 
were presented blindly in brown flasks. The panel 
assessed the intensity of each descriptor for fresh raw 
oyster and vacuum steam disuUauon extract on an 
umtructured scale of J 0 cm (0 Oeft-hand anchor) = no 
odour intcnsity,10 (right-hand anchor) =sttong odour 
intensity) , The intensities given by the seven judges for 
each descriptor were summed to provide a sensory 
profile of fresh raw oyster and vacuum steam distilla- 
tion oyster cxtraa (see Fig 2). 

Chemical analysea of oyater tissue 
Protein, carbohydrate and glycogen contents were 
measured by spectrophotometric techniques. The 
protein content of 30 freeze-dried oysters was deter- 
mined as described by Lowry « ai ' The carbo- 
hydrate and eJycogea contents of 30 ficeeze-dried 
oysters were detennined by the method of Dubois a 
a!. " Lipids were assessed by gravimetric techniques 
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after soWent ^^^^'^^^'^^^^^S^ 
mixture (2:1 v/v), eccordifl^:a«:a«liod of Folch et 

d, " ■ ■ ■ 

Fam add composinon Vt j vu 

ToS Upid extracts wd*: .tr>nam«Jyliited w^^^ 
methanoytrifluoroboride ar/i) :«™?;i« ^^'^^ °^ 

Monison and Smith.^« W^W'^r^' "^"^ ' 
(FAMES) dius obtained ,w«re,;analy8ed using a gas 
Som^ograph (HP 58?p^iI^.Hewl«t Packard 
equipped widi a &mc;,Um^n *^««»' ^ 
aliquot of FAME extiact^fiiflected at 250 C and 
detected at 280«C. Thc^^^jto;wetp sep^^^^^^^^^ 
capillary column (Dai^::?30m,lengthx 0.25mm 

id X oTs urn thickness,: J^cm.§^>i ^ 
carrier gas flow rate .WM^iffllmm The oven 
'^l.Z was progri^d^^- for 3n^ 

UD to 180''C for 7minV-«t: a.Tate of 10 C mm , 
.... ji_ ~««»»<\'ji'';'*CfQrl5ininatarateoi 
followed by an mcrease tftzia , H w 
5'Cmin-' TheFAMEa^were identified by comparing 

dieir retemioa times ^'?^^>?^'''^^^^ - 
(Sigma Chemical Co, Si] Louis, MO, USA). The 
dci^ficarion of each; FAJffi' wt^ confirmed M a 
GC/MS system consiadng - of. an HP 5890 gas 
SomatoSaph and anMiP; 5971 0 MSD (Hewlett 
Packard Co). The GO conditions (oven tempoature 
prognmme. injector andJetccior lemperanires) were 
SelamTas described' abSve. "Hie MSD conditions 
,vere: ionisanon energy;v70eV; mass range, miz 
33-300; scan rate. 2.0scans9-.'; ^"^^'^..^jl^PJ^ 
voltage. 200V; iatcifeccetemperanire. 180 C itoe 
spectra of FAMES wcr«iieompared widi those of .a 
commercial database CtSBS ' 75 k) and of an internal 
library of our laboratot^:- 

StatlsticBl treatment, , ,.vTr.vA^ 
Dau acquisition and guitisricariieatment (ANUVa; 
were performed with' Staigtaph 4-0 software (Staus- 
tical Graphics Corp.. N-swJcrsey, USA). 




H Cucudibcr 



Rgur* 2. 36fiB07 profite 0* c^**^ .wfert»nM (broMn line) end vacuum 
st$Dm dlstfllation extract (tiiU-fTnfij. 
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RESULTS AND PISCUSSION 
,rntHSc-t.on of voiat... compound* by QOO 

rVSlvstem. Fifty-nine volaole compounds weie 

illVrfptectcd with 18 voUTfle compounds. The oyBier 
^Slf S c'omLd 10 aldehyde, six ketones and 

•J .^ment ^th our findinp. These compounds 

hepttdieoal. 2,6-(£,2)-nonadien<d. 2-CZ) o«eM^ 
l!J««>3-ol 2-(£)-o«en-l-ol, octanal. decanal. 

Dynamic headspace is a method thai 
bo^B-point c-pooen. w.-^ao.u^^^^^ 

distiUation extracts '^^f^-'^^^^^l^^^ 
components. This could ecplam the ^^^^^ 
cn«s between the volatile '^0'«P<'^<*^,^^'S:d 
Sdeed, Josephsou « and ^-^^<-l«£;^^^^ 
a number of low-boiling-pomt "°^P°"°f. 
w«e probably lost during vacuum «eam d^^tilUmon^ 
Sn the oth J hand, high-boiling-pomt 

ide^Sed by vacuum steam distillauon. wh«ea5 
STy were not extracted and therefore not identified by 
.t^a^h^adspace. Cha" studied taw oyt" C^J- 
^'Za vir^nic (Atlantic oyster) ex-^cted hy ^uL 
:aneom vacuum distillauon/«aactioa Seven 
compounds were the same as m our study. T^ese 
r l-peoten.3.1 

:r 'l^TS-1^ir:S ouster byproduct 
?«oU^te C ^as effluent). They used the same 
SS.n method as Cha." Two impounds were » 
^.xnent with our study: 2.6-(E.2)-nonadaenal and 

"d.ow, an aromasram of the odorant com- 
pounds identified in the vacuum steam d^oB^o 
SvsTer extract. TVenty-five compounds are potent 
SLTS^oyster,. m numbered peaks correspond 
r^ours detected by at least three ^-^^^^ 
number, above the peaks correspond to Ae numbm 
fa Table 2. Nine compounds can be consider^i " 
most potent odotants of oyster as d.ey were deteaed 
by«lLtseveniudBesoutof 10.An 10 jud^;-^^*!, 
2-f£)-penten-l-ol (6) with a mushroom ^dour, 3 W 
l^ l^HS) wiih a moss and fresh odour, decan^ 
tSi w^th a marine odour. wbi(± had a high odoux 
d^lcTontSreshold (lOOOOppb)," and 2-undecanone 
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,,3)wi^aaua^er-ifi^ 
mcUed 2.(£)-P«itenal (3).,jhKi^^^^^^. 
detection threshold ^^^^^^S^. 

ehanictensed by »"^T^5,^phury and garlic 
Unknown compound 2 wiji ^ J^??"L (4) 
odour was detected by -^^^:.}^,r^i 
Codourdetecriont^eshoUof^O^^^ 

by a moss and green o<l°"^v»°^2md ereen odour, 
25 characterised by a cucumber , "na gre 

were detected by seven judges. _ 
Seven^mpounds - de^^^^^ 

,00m for unknown <=°^P^,'^,^\2- ^^ber for 
l^aen.3-01 P^^^^*!;^^^^;^ aceto- 
2.6-(fiZ)-nonad.end (1^^ ^^,^20). 

phenone plus ^-^^^fKri reduction com- 
iMethylthio-l-propanolWd^^d?^^ ^ 

pound 

high odour detection threanpiu,^^ . 

OTOon was 34t).4ng ^--^ oQjy detected by 
r^uSl^SlSrbe^ compounds 
three judges. ^ co^ii«i«m of iflother non- 
could be provided ^y^'^^ j.-^ ^ bigh 

odorant f "P/^.^^^^ -^i^ ^o detected this 

T^Vr^^NonaiS^^" d«^«-<^ by only 
odour. 2,6-C£,.Z)-^'oo»"f^. detection 

„d„„n, co»^«nd. «5 (3). fad. 

(8,,m»»t (»'»^» ^ eg «hta 

p,«ence of 2,6^-^) „«d »»d=- 
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A-L Pennarun, C Proir, M Dmaimoy 



TiOUi 1. VolaUle compounds of oytter Cmssasir^&Qa^ 



Compound 



BetQntbn Index 



fK3 PUFA oxidation 
1X£)"5^(2)-Octatriene 
2<£)-Pontenai 
1.Psnterv3-oi 
2-{£)-Hexenai 
4-(Z)-Heptanai 
2-(e>-PentQn-1-ol 

2,6KE2)-Nonadieral 
3.5-CE,£K*ctadien-2-one 
n-6 PUFA oxidation 
1-Pentapol 
^(2)-0ctenal 

1- Octen-3-ol 

2- {e)-Octen-1-ol 
Pentanoic acid 
Octanoic acid 
n-9 MUFA oxidation 
Octenal 
i-Hepten-3-ol 
Nonanal 
Heptanol 
Decanal 
1-Octanol 

Fatfy acid oxidation 

3- Ocianone 

Carotenold degradation 

6-MGfthyl-6-hepl6n-2-one 

Polysaccharide degradation 

Emylbenzens 

^Xylene 

1 ,2,4-Trimethylben2en9 
phenol 

mill&rd reacxion 

Ethyipyrazine 

Acetylpyrazine 

Strecker reactiof) 

Mothionai 

UnHnown origin 

Dimethyl sulphide 

3-Pentan-2ol 

Dodecene 

Limonene 

3-Hexanol 

1- Dodacena 
Tridecane 
3-Nonanone 
2,4.6-Trlmethylpyrtdine 
3-(e)-Hexen-i-ol 
Teiradecane 
3-OcranoI I 

2- Buloxyeihan-l-ol | 
7-{Z)-Tetradecene | 
a-Ethyl'hcxan-l-ol 
2-Nonenol 
Hexadecane 
2-Undecanone 
Hexadecane 
Acatophepone 
3'Methytthio1-propariol 
2^S^10,l4-Tetramelhyiperiiaoecaae 

Haptadecane 
1656 



1108 
1124 
1170 
1221 
1236 
1321 
14BB 
1SB4 
1570 

1303 
1413 
1451 
1616 
1734 
1845 

1289 
1351 
1392 
1457 
1497 
1553 

1256 

1338 

1132 
1140 
1280 
1996 

1354 
1647 

1451 

773 

n8i 

1200 

1201 

1211 

1236 

1290 

1357 

1378 

1396 

1390 

1395 

1406 

1465 

1490 

1535 

1590 

1596 

1630 

1645 

1645 

1655 

1588 



Ri 

Rl, MS, std 
Rl. MS 
Rl, MS 
RI 

Rl. MS, ctd 
BI.MS 
Rl. MS. Std 
Rl.MS 

Rl. MS. std 
Rl.MS 
Rl, MS, Bid 
Ri. MS 
Rl, MS 
RI,MS 

Rl. MS 
Rl, MS. 6td 
Rl. MS. std 
Rl. MS. Std 
PI, MS. Std 
Rl. std 

Rl. MS, std 

Rl. MS, std 

Ri, MS 
Rl. MS 
Rl. MS 
Rl, MS, std 

Rl. std 
Rl 

Rl. std 

Rl, MS. std 
Rl. MS. std 
Rl. MS. sld 
Rl, MS, std 
Rl MS 
Rl. MS. Std 
Rl, MS, Sld 
Rl.MS 
Ri, MS. std 
Rl. MS. sld 
Rl, MS, std 
Rl, MS 
RI,MS 
Rt, MS. Std 
RI. MS. std 
RL MS, 6td 
Rl. MS, std 
Rl. MS, eld 
Rl.MS 
Rl, MS. std 
Rl 

Rl. MS, std 
Rl, MS. std 



9- 
9.19. 

9-^ 

9. l9.-'. \ 
6. 9; 2a*:: 



9- o'-- 

8, 9;-1j3:v. 
9 



9, i9;v/:-. 

8';\;y! 

9.V- . 



20,. 



19. 



1500** 
400^ 
17*^ 
0.8^1** 



0.01° 



400tf 
3" 
1^ 



300tf* 

* 07" 

1^ 
3^ 

. lOOOO*' 
110-130** 

28*' 

50^ 



5900** 

6000-22 OOtf* 
62" 

0.2** 



lO'* 



500000' 



Tftftto 1. Condnued 
Compound 



Unknown origin 
3.6-(£Z)-Nonadien-1-ol 

Octadecans 

Octadecene 

Nonadecane 

ButylQled hydroxytoluene 

Eicosane 



Re ienrlon, Index 

1731 
1789 
1823 
1889 
1902 
1966 



RI.MS 
Rl, MS. Sid 
Rl.MS 
RI.MS 
RI, MS. Std 
Rl. MS. Sid 



pFTomP«J2i. 
c From Rftf 22. 



Lour) <l«c»»l (■"f-.f °^ 'SSi?^ St 
Lodaied with l-o«en-3-ol) w« idenafied m coo^ 

Merhional has only, beca >dennfied ^ 
cookToysicr effluent. lo fonnauon could be due 



headng during ihe prep«r»W^>»*^' " 

„ well as by "^^^^^Scanal wcrc 

found in oyster eaiaa '^'if^n^^^. j^„tly rnHd 
methods. -nxia could be e^^by^^^Vj^^ 

""^Tco'Si ^rbe ^SnS because it was co- 
rd'^rfsXe^-Uok^^'cotupoundlOw^ 



Pea/c 



fletenf/on 



Compound^ 




1108 1,3HEV6-{2)-0<^tainene 
inB unknown 
1124 2-(£)-Pen!ena)(l500) 
1201 Limonene (10) 
1236 4-(2)-HepTenal 
1321 2-(E)-Penten-1-ol 
1354 emyipyfazlne (6O0O-22OOO) 
1386 3-{a-Hexeo-l-ol 
1395 3-Oaanol 
1417 Unknown 

U51 lOcien-3-ol (l)+metnional (0.2) 
I486 2.4-(e£)-Hepiadt6nal 
1497 Decanal (10000) 
1535 2-Nonanoi 
1553 1-Octanoi (110-130) 
1534 2.B.(£Z)-Nonadienal (O.Oi ) 
1596 2-Und©canona 

1645 Ac6topnenon9+3^etfiyithio-i-propanoi 
1647 Acetylpyrazlne 
1 731 3.6-(E,2)-Nonadlan-1 -ol 
1805 Unknown 
1846 Octanolc acid (3000) 

^ 1B58 Unknown 

r m.r^^ index cn DB-Wex ca^ilarv a^umn; MS. mae^ .pecnome^^: 

• CteiBcilon tnreahold (ppb) in par entheaes. . 

* Ae oNsn C3V dlactomeify. 

< lOumber of ludgea cut of 10 y/ho dBi«ned l^e odoor^ 
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Rl, odour 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 + 12 
13 
14 
15 
16 
17 
18 

19+20 
21 
22 
23 
24 
25 



Rl. MS. odour. 
RI, MS. odour. 
Rl. odour 
Rl, MS. odour, 
Rl, odour, std 
Rl, MS. odour. 
Rl, MS, odour 

Rl. MS. Odour, 
Rl. MS. odour 
Rl. MS. odour. 
PI, MS. odour. 
Rl, odour, std 
Rl, MS. odour. 
Rl. MS. odour, 
Rl, MS. odour, 
Rl. odour 
Rl, MS, odour 



Plastic, green 
Sulphury, garlic 
Btd Grass 
8td Mo9G, graen 

White boiled tish* . 
std Muehroom 

Grilled 
std MosD.fresn 
MOSS, aulphury 
Mushroom 
std Boiled potato 

Mushroom, mo$S' 
. std Marine 
std Cucumber 
Cucumber 
std Cucumber 
etd Cucumber, fresh : 
std Animal 
3rll!ed 
Marina 
Green 
NC 

Cucumber, green;. 



■■■iB • 
'9' 
, 7 

3 
6 

'■••■3' 

\ ;3' . 

■10 

10 

• 3 

4 

■ ,4'' 
4 
7. 



2.1 
3:9 

4.0 

2.8 

2.S 

7.4 

1.2 

7.9 

4.2 

.1.1 
^ 1.4 
5.3 
5.8 
3.6 
2:3 
1.7 
5.9 

a9 

2.7 
1.1 
* 1.6 
2.6 
3.3 



719 
2-1 
1.3 
6.4 
5.3 
19.3 
0.6 
93 
Trace 
9.9 
346.4 
0.6 
15.9 
2.0 
1.5 
3.5 
47.8 
0.3 
2.6 
90.8 
27.1 
9.9 
44.1 
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A-L Pwi-aw". C Proa. M DmM 
their retcnnon index and o'io"'- ^'l. _,»re 

st^r^^:rd.LS°bv™^2 

dKoioMt «as fomid !oi it) ««« 

L'^.yS^^ineli.J.s.^.dod^.^ 

»hr^<x and five iudges respccQvely. The last iwq 

S^SerieTdJi., diaa»t »».cd»> ^0 
of the volatile compounds of oysteni. ^ 
Among The detected odour-impact "mpouii^. 
so^have been identified in other seafoods. For m- 
S^e 4-(2)-heptenal. etbylpyr^e, ^^^^^^^i 
acSymine were also detected in cooM mussek 
iSS'nal, 2-(£)-penten-l-ol, ^'!^<^''^-^^' 
2^^H)-heptadienal. 2.6-C£,Z)-n0Da^enal and 
2-tnde2none were aleo identified in aayfish waste _ 
l?Sf-?enten-l-ol and 2.4-(E,£)-heptadienal. boti. 
with a mushroom odour, wot loun 
green alga iUl^aperru^)" .^^[^^ 

2 6-CE.2)-nonBdicnal, both w^n 
odour.»'»' 

Correlation between sensory profile end odour- 

J^l^rCo-ea^oodcorrelationbetwe^^^^^ 
It IS "i'^^ ^ the sensory profile of 

Sirrour-active compounds of oyster (Bg 2 and 
?.ble 3? oyster was described by odouis such as 

oot idenlffied i. o^« a«aa. 
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^ tf^cfcfconciei^ Another 

sr-Sfd^rsr^^"— 

distiilarion 0V*^«f^^Jl,^ .^aci were responsible^ 
Four compounds ^^^T^^^^^Tcond^itd 
forfreshandmanneodou^^^^ 

oyster ^a.d^'^d^^'^Jl^^^^^ ^H). 

texen- and 2 ubO^^ for maline odoui. 
decanal ^'^-^'^^^^^. T^ptCd^dY 10, 10. 
Their detecuon ^^^^^^^d, contributed 
10 and four out of ^^r l?^,^Pp'L compounds of 
totbeovexanodo^of^^oy^^^-^^^^^^ be 
oyster extract had a W«*f «^ ' 3-(£)-5-(^- 

^"""^ l 23^^^- detection ficquenaes of 
compounds 23 "^^^^^^ ^ut of 1 0 respectively. 

shows that .^.w . oyster oy.ta 
aiSSation e^raahadal^utthe sen^n^^^^^^ 

glass. ABamu]t,Thenmp:Compoun^P 

fontributed either "^^^^Tur. five 

As for the cucumberj-^eamijor 

compounds ^FS^^*^'^-^^ 
2,6-(£,2)-no-d.^^2^M^«^^^ had detection 
compound ^f .^^^..^^ iq and seven out, of 
frequenriea of i"^' f«^V^?«a hircontributioilof 
10 ^eepcctivdy whidh^"^- ^^^^ . high 

These compounds m oyster ejniacc ng 



Tebl* a. Cotrolallon 
dlidliAilon uanA 



Sensory 
de scriptor^ 

Oyster ^ 
Seaside 

GrasB 



CucumDOf 



odour . 
dQScrlpipr^ 



Odoranrs^ 



Fresh .; 
Gfiaisn; 



3-(Q-Hoxen-1-ot(lO) 
2-Undecanone(iO) . 

becanel(lO) 

3,e-<EZ)-Nonadien-1-ol (^) 

V3-(e)-5-(2)^0ciavtene (a) 
ai^tei-Pentenal (9) • ; 
.Umoo6n9(7) 
Unkno^A'n 23 (4) '^^ 
Unknown 25 (7) 

2-Nor\anoi (6) 

2,6-(E.2)-NonBalenel (3) 
2-Undecanone 00) 
Unknown 25 (7) j' 
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'conmbunoB of cucumb« odour m ^ 
whereas this descripror was v«y weak in o^^^' 
odour was produced ^-^^^.^'^t 
was probably caused by fewy aad oxidation. That is 
why it was fouDd mostly in the estraci. 

Sr.::fc''™o.posedi^^ of prote^ »d 

T^cS^ 49.9 and 25.0% °f ""^^^^.^^^ 
ako contain lipids (8.5% of diymaner), caibohydr«es 
Zd gLogen Amonglipids. 53.0% of total im aad. 
1 pS^saturated &tty adds (PUFAs) TTie num 
^As «e n-3 PUFAs (46.3% of tota^ ^1"^'^^^' 
^^^C20:5n-3 and C22:6n-3 (respectively 23.5 and 
21 7% of total fatty add:). However, there are also 
' n-neeligible amounts of n.6 PUFAs ^3% of 
fetty acids) and n-9 monounsanirated fatty aods 
S% of total fatty adds). PUFAs are^vcty se«mve 
0 oxidationbecause of their high level ^'^"1''°^: 
can give rise to the fonnation of carbonyl 
cSounds during o:ddation reactions. Tw«^-^; 
out the 59 compounds arose from the oxidaaoa of 
femr adds. Among them, 10 were odour-acnve com- 
p^ds probably resulting from the degradaoon of 
n-3, n-6 and n-9 fatty acids. ,ft„„the 
^e most odour-acDve ^'^^^'^^^ ^^^tl'^^tl 
oridanon of n-3 PUFAs (six out of 10). ^M^.^ 
Monadienal (cucumber odour) could ame from die 
oadation of C20:5n-3" and Cl8:3n-3 (1^^ of 
total fatty adds). 4-(2)-Hepten:J could resultfi^m^c 

oridaoon of n-3 PUFAs.'" This compound. A^c 
rerised by a white boiled fish odour, could 
generated by oxidative degradauon of 2.6-(£.Z) 
Lnadienal." 2-(£)-Pentenal. ch«a«et:sed by a^^ 
odour, could come from the o»danon of °-3JUFAs 
via IS-lipoicygenase'* or, niore preose y, from th= 
ojddarive degradauon of linolemc aad. ,3-(^-^ 
r2)-0ctamene, charaaerised by a pUsnc and peen 
odour, and 2-(£)-pcntcn-l-ol. .^^ * 

mush^om odour, could «ise from the o»dauve 
deeradarion of n-3 PUFAs.' but their pt«ase on^ 
is Lnown. 2.4-(£,£)-Heptadienal, d^^^"'""'^^^^ 
a mushroom and moss odour, could result from the 
:X?n of linolenic add.^ l.Octen-3-ol. which wa. 
eluted together with methional and was *aiaaensed 
by a boiled potato odour, and octanoic and. whose 
odour could notbedescribed by the judges, camefrom 

n-6 PUFA degradation." Two odoraat compo^d^ 
could come from the oridative d^g^daQon of n-9 feny 
adds Decanal with a marine odour could ansc from 
^xSativc degradation of C18:1d-9- (2,1 % of 
fetty adds). 1-Octanol with a cucumber odour could 
also come from the oadaoon of CI 8:ln-y. 

Odier odorants have known origins other ±an fay 
add oxidation. Methional. whid: had a low odour 
detection threshold and was characterised by a boiled 
potato odour.couldbeprovidedbydiedegnc^non^ 
methioninebywayoftheStreckerreacuon. Mettoo- 
le could L fonned from caxbony compounds 
generated during the oxidauon of fatty aada. 
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Outre htff«a (idBria(a (5 

E^,.PP^c and '"S-ET^ti^' 
by a grilled odour, could be gencr^Ji^; W = . 

generated by carotenoid degradation. 

adds. Indeed, 13 odourniruvt compounds had 
origin. Among these.^O: came from the o« 
dative degradarion of fany.acidfi. 
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Introduction 

The genus Pinus (Pinaceae) comprises more than 100 
species and is widespread in the northern hemisphere. 
Pinus catiarlensis Swee: ex Sprengei is an endwnic tree 
of ihe Canary airhipciago whose natural distribution 
area is restricted to the highest islands. In Tencrife, it 
grows spofluneously from near sea level up to about 
2200 m. In Italy, and to a smaller extent elsewhere m 
Mediterranean region. canarleiwls is planted for 
timber. 

The chemical composition of various pme species 
volaiiles have been the subject of numerous studies." 
The majority of the studies focused on North American 
and Central European species and only a limited num- 
ber of chemically oriented reports dealt with Med- 
iterranean pine species.' " Very little is known about 
the chemical composition of the volatile mcubolites of 
Pinus canarlensis. One study dealt with the composition 
of tlie essential oil off. canariensis growing In Greece. 
This paper presents results of a GC and OC-MS inves- 
tigation of P canadensis from the natural habitat in 
Tenerife, Canary Islands. 



Experimental 

Plant Material and Essential Oil Isolation 

Brandies of 20 Pintts canariensis trees were collected 
at Las Rftices near La Esparanza, Tenerife (latitude 
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28"25'N16"23'W, clevaiidnv HOOvra). The trees were^ 
20-60 yean! old. NcedW^re"iak<n,in', February 1999 
from fully developed on^w old'shoots. 12-41 g o! 
pine needles were cut ihtolmallpieca and stca^ dis- 
tilled in a Karlsniher-type/apparatus'. for 6 h. Volatiles 
were coUected into 1 .0 mrn:$entano; The oils were dried 
over anhydrous sodium sulphate and stored at -20 C 
in a refrigerator. 

Gas Chromatography WQ. and GC-Mass 
Spectrometry Analysis • 

GC profiles were cslabfiBhed.on a.DANI 8610 and a 
DANI 8400 Capillary Gflithromatograph each equip- 
ped with a Programmedf^peraturo Vaporizer (PTV) 
injection system, a flamejp.riization detector (HD) and 
a LDC/Milton Roy a-fO B integrator. TTie samples 
were analyzed on fused-^ilica' capillary columns with 
bonded phases of differed polarity. ■ 

The non-polar systclii. comprised a CP-Sil 5 ^oyu 
mx 0.22 mm i.d.; lilln^thickncas 0-13 jim) capillary 
column. Hydrogen was^ihe carrier gas with a Uncar 
velocity of 43 cm/s. CbJtimn.tcmperalurc programming 
was' 40-300»G at 4''C/t^ and .300"C isothermally for 
10 mia. PTV temperAUne .was 50"G during injecUon. 
followed by a vcty:rt^-*^i«n|.-.id 280-'C The FID 
was operated at 3 1 0'C ! • . . ' , 

The polar system .intfc«iea a D,B.Wax (60 mxO.32 
mm I.d.; film thlckncuB ajJiuh) ciipiIlary.column.Ca> 
rler gas (hydrogeii);:yfilQay>as 53 cm/s. Column'tem- 
perature prognimnMnia^%:40"G held for 5 m^mi 
from 40»C hiat^d 25^C/i,nin to 250"C PTV 
temperature was 50"C:iJuring injection, followed by a 
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very rapid hcadng lo 250"C. The FID was operated at 

"gcImS was perfonned on a He>^e« Packard 
r.l BOOA CCD system (Electron .mpact voltage. 70 eV. 

The samples were analyzed on a DB-l (50 m x 0.20 mm 
d film thickness 0.33 nm) capillary colunu^ Othe 
hrom^ographic conditions were: Carr.ev eas (he^^^^^^ 
atTml/ml Column lemperaiurc programmmg. 40 C 
i id temperature held for 5 oxin. then from ^ C 
heated at 3-C/min to aSO'C. and from 230 to 320 C at 

'°SmroundB were identified using both chro- 
matoRraphic and mass spectroscopic critcna The 
W bSs Database was iised for aucoo^auc .d.nt). 
Son of GC-MS peaks. Additionally, linear reten- 
Sr«s" obtained on a polar and an apolar column 
weJeSmpaved with published data ' Mass spec^a and 
^rntTonindiceswerealsocomparedwithdataobtamed 

from authentic compounds, QuanUiation was achieved 
IZ GC-FID profiles on an apolav column according 
^he area percent method without consideration of 
«li?raU0« fetors (f). i.e. F= 1-0 for all compounds. 

Statistical Analysis 

The relaUonships between the different trees were stud- 
ied by cluster analysis CStatistica' software package, 



StatSoft. USA, 1994), 

Results and Discussion 



The volatile fi-actioa obtained by hydrodistillation 
^lu^d 1 0.3% of fresh pine needles. Quantitaave 
data given in Table I were obtained f™";GC-FlD 
nrofiles using a 50 m fused silica column CP Sil 5 CB. 
S»onent^^ 

allies of Pmus canariemi^ needles, of which 75 (i ep- 

resenting 93.9%) were unambiguously f^^f^^^J^^ 
«maining4l compoundsrepresenung 6.1% of th sam 

pie were partially characterized on the bcUiib of their 
mass spectral data and their retention indices. 

M in other conifer trees,' the majority of P. c^- 
arZsti volatile needle metabolites were terpenoids, 108 
rubsT^ce could be assigned to ten.enoid^. ^^lo^^^^^^ 
to 99.6% altogether. Main constituents of the 33 mon^ 
oterpenes (42.7%) were the hydroc^ or. .pm«^ 
(23 1%). fpinene (1.6%). niy«ne (5,8/.), and lim 
onene ( 01%). Sesquiterpenes (52.1%) compnsed 25 
S idSed^d further 21 partially charactenzed 

rp^:Lith.^<ai.^^^^^^^^^^^ 

ml constituents with more than 1% of the oiL In 
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addition to the mono- and 

could be detected and ^-^^.^.^ 
genated ditcrpene (C»HmO. P^V^'v . . 

to 1 5% diterpcnes were minorwJjtjgoKnW. 
4 8%) FuS minor substance^vwere aBcaoc denva- 
five^t wen as the benzyl esten of ^^<?it anf sa^^^^^^ 
acS Sglieslconcentrati(m:pf^^ott^^ 
p^und in the needle essential oU.qf^: c«u,ri*«l. needles 
had ^ram-2-heKcnal (0.2%), . j^pMcd in 

In a previous study. 42 sub«imc«> were det^^n 
thc essential oil of P. canariem.gv<m^i Greea^ 
l^S'ttnumberofident^^^^ • 
than half as compared to this^?b«ly„.thc.qwiitauve 
oat?em of monotcTJenes was riei^y i«3entical. .Eighteen 
SmSnoter^Jesfoundial^ia^^^^ 
In Hreece were also constituen^S^of Uie, samples from 
^ene^ASonalmonotetpei^id^^^ 
Int Sdy «ere minor consorts; . Le^ cotnad*^^ 
Tan be fou"d comparing the. pattern* of 
Teipenes. Twenty of theBe .mejit^tes W^^^^^^ 

7mZ consUtuents did no ifn.thc other hand 32 

^inor sesqui. and ^^mfr^^Z 
Tencrife were not mention«i.f -t^P^"'" '"^ ^ 
Canai-v Islaiids pine planted iiiifreece. . • 

nounds varied considcraWv^^^F*?*- \^ 
Sa J deviation (Table O^^l^tSJ^^..^^^"!.^^^^^ 
Sly determined mfr83P«ia^'j!'^'^"^^^?^ 
it is will known for efiBetiarii^^o^th?r,pme speacs 

T!,mc of trees within t&Kblbt,it«fcried to as group 

mam groups ol "'^^'^''^'^^tIt^w^ ^j^rialion of 
1 find 2 Differences were rtflit^ c«»swt>y van4^^^^ 

to those of eroup 2. On, Ihc^othetliaiid. trees ol group 
^ Itf-fbld content •qpi.plnene and a 16^W 
LnSit 0 fl-pinene as compwed.to;tbe mean values of 
ouT TherTwere no »tHkitig topological or mo^^ 

'phitomical differences^twe«i;«^P^^^^^^^^^ 
groups. However. itmU3tyie;5mplusi«!dU«^^^^^ 

into the chemistry was by^^^^^^^ 
anatomical study. ConvderinfttKequantitauvc result, 
he pa^^rn of rnain conatituehts^.^ ui group 1 gP^ 

oStiCc pLm of ^tii^flOiaB is similar to trees of 
SrrutTdo^ 00^^^^^^ 
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Table 1. constituents of the essential oil of Pinus cana/ifenWs Sweet ex Sprengel 
characterized su bstances that appeared in traces are not listed 



(colu(jin;;^^^^^^^ 5 CB). PartUlly 



Compound 



Mcan±S.D. 



- Group 2 
M6an±S.D. 
n»*7 



/^fln.^2-hMe^al 

Tricyclenc 

flt-Pinenc 

tf-Penchciic 

Camphette 

Sftblnene 

/?.plnenc 

Myroonc 

a-PhellarulroDe 

Isoclncolc 

OrTerpinone 

/vCymeno 

j5-Phell8ndrcn6* 

Umonenc" 

y-Terplpone 

Dehydro-p-cymcive 

a-Terplnolcne 

Ltnolool 

«(r/o-Fcndiol 

a-Ciimpbolenal 

Camphor 

Plnocarvotic 

Borneo! 

Tcrplnci>-4-ol 

a-Terplneol 

Myrtcnol 

Linnlyl acciAtc 

UoroyI occtBlc 

a-TerpInyl ac«tttlB 

B-Cubcbcne 

a-Ylongcne 

a^Copaonc 

)^Boll^bonene^ 

/i-Elemenc' 

Longiroicna u » 

Setquitcrpotic hydrocarbon (Ciiff^tJ 
lrtf/rl^Ql^yoptlyllc^lC 

Swquilcrpcne hydrocnrbon CC,jHiO 
Saaqulierponc hydrocarbon (CijHji) 
tf-Humulenc 

Sesqullerpfinc hydrocarbon (C,jHjj) 
Sofiquilorpcrw hydrocarbon (CuHiJ 
Y-Muuroleue 
Germocrene D 

ft-Fanicscne u \ 

Sesquiterpene hydrocarbon (C,jn:^j 
tt-Muuiolonc 

Sesquiterpene hydrocarbon (CijH,^) 

jj^adinenc 

y^odjnonc 

d^Codlnene 

ffo-S'Syl-T-Jfiop 
c/f-M-Biwibolenc 
B^Cadlneno 
Dodecanoicodd 

Oxyipntttcd scaquiicrpenc (CnHjiO) 
WWO'Bourbonanol 
Caryophyllfine oxide 
Oxygenated scBqutlorpcne (v-ijM^uj 
Oxygenated ftesqultcrpcno (CijHj^O) 
Onygenatod etfiquiier pone (CmHmO) 
Oxygenated sesquiterpene (CuHwO) 



821 
831 
923 
936 
945 
947 
96B 

m 
m 

999 
1006 
1011 
1014 
1026 
1026 
1028 
1036 
10^1 
1073 
1081 
lOM 
1101 
1107 
1133 
1141 
1155 
1166 

ins 

11S2 

1238 

1274 

1335 

1354 

1379 

1383 

1391 

1391 

141B 

1426 

1430 

1436 

1450 

1459 

1461 

1468 

M75 

14KI 

1493 

1496 

149« 

1501 

1506 

1508 

1516 

1522 

1526 

1533 

1536 

1539 

1543 

1549 

1575 

1583 

L591 

1605 

1623 

1626 



0.2 
O.l 
ir 
23.1 
tr 
0.3 
ir 
1.6 
5.8 
tr 
ir 
tr 
tr 
0.7 
lO.l 
ir 
0.1 
tr 
tr 
0.2 
tr 
tr 
ir 
(r 
tf 
tr 
tr 
0.2 
tr 
tr 
0.4 
0.1 
u- 

If 

0,1 
02 
0.2 
tr 
0.6 
4.9 
0.6 
0..1 
0.2 
1,1 
0.2 
O.l 
0.5 
35.7 
0.5 
u 
t.O 
0.2 
0.2 
0.3 
1.4 
0.1 
0.1 
0.1 
0.1 
tr 
0.1 
0.3 
0,1 
O.l 
O.l 
0.2 
0.1 



0.06 
0.10 

15.80 

0.22 

1.41 
4.68 



0.34 
10.29 

0.14 
0,07 



0.20 



0.18 
0.14 



0.05 
0.05 
0.06 

0.70 
1.69 
0.18^ 
0.0T 
0.17 
0.35 
0.07 
0.09 
0.63 
9.58 
0.33. 

0.34 
0.14 
0.18 
0.23' 
0.63 
0,04 
0.03 
0.08 
0.04- 

0.04 ^ 
0.25 
0.04 . 
O.OJ • 
0.05 
0.10 
0.04/ 



0.2'^v:- ■ 
o.r;''; 

tr. 

■I3ll 
:(!:, 

0.2;^: 
' \,0 \ 

tf',.'" ' 

:.fl.r;'- 

• 0 ■■' 

tr V 
O.lv 

* • ' Si 

•IT 

..:;tr- - *; 
' -irf : 

tr 

: ^-^ 
tr-'-.. 
;6:3 

m: . 
M 

\ tO-2 

■/■it'- 

• ^o;i 
:;^=5.o.-. 

: 04 :. 
OJ.. 

' im • 

' 0.5 

^^:1.1 
' X OJ 

. 'o;6:: 

' ■ 

■m;/0.i ' 

/'.0.1 
".. tt. - 
0.1. 

; 6.3 

''m : 

0;l 
61 

-o;i 



.0.04 




0.08 


0.04 , 


n 1 


0.07 




.0.1 


0 01 


4:09 


41.3 


12,17 


— 


tr 




0.05 . 


0.5 


0 53 




ir 




0^3. 


2.0 


1 05 


4-38 


t 0 


1 70 




If 




- 


tr 






tr 






ir 




0.36 


0.7 


ft ia' ' 


10.6 


2.9 


4.0J 


- 


tr 




0J6 


tr 






0.1 






tr 




0.03 


0.2 


ft no * 


- [ 


tr 




- 


tr 




- 


tr 






tf 






»^ 

u 




- 


tr 




— 


tr 




0.05 


0.4 


ft 




tr 




- , 


IT 




0.1.8 


A C 

0.5 


ft in 


0.16 


O.l 


ft ns 


0.t)2 


(r 






tr 




0.05 


0.1 




O.OS ■ 


0.2 


0 ft£ 




0.1 


U.UO 


- 


tr 




0:77, 


0.4 


ft <1 


L90 


4.7 


1 n 


,0:15 


0.5 


0.1 y 


0.06 


0.2 


A 

0.07 


0.19 


0.1 


ft 1 < 
U.J 3 


0.37 


i A 

1.0 


ft 11 

U.JJ 


0.06 


0.2 


ft ttfi 


O»09 


A 1 

0.1 


ft m 




U.J 


0.56 


'7.43 




10;3 


0.38 


A C 

0.5 


'ft 51 


- . 


A 1 

O.l 


ft (\R 


0.31 


0.7 


ft 57 


0.16 


0.2 




0.21 


0.2 


A'A£ 

0;0o 


0.24 


0.4 


0.15 


0.67 


l.l 


0>4l 


.O.I04 


tr 


■ ^ 


• 0.03 


ir 




0.09 


A 1 

O.l 


ft 07 

U.U f 


0.05 


A 1 
O.l 


ft 01 




O.l 


. 0.12 


0:03 


0.1 


0.06 


0.29 


0.1 


I i0.07 


a04 


o.l 


,/404 


0:03 


o.l 


0.04 


0.04 


o.l 


0.07 


0.07 


0.2 


0.14 


0.04 


cr 
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Table 1. Continued 



Compound 



a-Cadinol 

Oxygenated scsquiierpcnc (CtjHjiO) 
1-TctnKtoinol 

Oxygeoaicd jcsquiterpene (CuHj^O) 

Oxyacnuted sesquiterpene [C^sHJ^) 

Oxygcnaied leaquiicrpcne (CuH^iO) 

(£,£)-Fafiv«ol 

Benzyl ben^oate 

Octa^ccane 

Bcntyl salicylate 

1-Hcxadccanoi 

Dlterpcnc hydrocarboa (CjoHjJ 
Sandaracopimaradiene 
Itoplmanidiene 
13-EpJmanoyl oxide 
Diterpenc hydrocarbon (C^HjJ 
Dittrpenc hydrocarbon (CioHk) 
Diierpcoe hydrocarbon (CjoHs:) 
Phyiol 

l3(l6),14-Lflbdlen-8-ol 
Diicrpenc hydrocarbon (C»H,J 
Oxyfionatcd diterpenc {CioHjnO) 
Oxygenated ditcrpcne (C»Hji,0) 
Oxygenated diterpcne (C^HnO) 
Oxygenated dlierpenc (CjoHwO) 
Methyl pimarttce 
Methyl sandaracopimarate 
Methyl icoplmarate 
Oxygenated ditcrpcne (CarHuOj) 
Methyl Icvoplmamtc 
Oxygenated diiorpenc (CjaHj^O) 
Meihy! dfihydroahiBtate 
Oxygenated ditcrpcne (C»HjnO) 
Methyl abletate 
Methyl neoaWctate 
Oxygenated ditcrpcne (CjiHjnO:) 



Mcan±S.D. 
n = 20 



Groupl' 
Mean±S.Di-^:. 
n-.t3. 



:Mfiaa±S.D. 



1636 


0.8 


0.44 


0.9 


b»so. ' 




1S42 


O.I 


0.04 


O.i 


UL7u:. ' 


0.1 ^ 

' no 


1649 


l.l 


0.62 


1.2 


1661 


tr 


«. 


tr 


^ ;' ' * 


/ tr • 


1669 


0.1 


0.04 


0.! 


■ viui- • . 


A 1 


1673 


0.1 


0.04 


0.1 




. n 1 ' 


1679 


0.2 


O.OS 


0.2 


0»y? 




1702 


0.1 


0.12 


A 1 
0.1 




I '^ 


1733 


tr 




tr 




\t 


179S 


tr 




tr 


' tr 

•n 


1841 


ir 




tr 




■ ' 

' * ir 


1864 


tr 


— 


tr 




1959 


0.1 


0.19 


A 1 

0.1 , 






1967 


ir 




tr 


" ' 'y> t. 




2013 


0.3 


0.17 


0.3 


,;QJ3 




2030 


O.I 


0.26 


0.1 




tr 


2034 


tr 


- 


tr 




. 0.J> 


2045 


tr 


- 


0.1 . 


. i0:l.0 . 


tr 


2096 


0.2 


Oil 


0.2 


* A 1 


2102 


tr 


- 


cr 


■ T * .' I , 


•It 


2107 


0.1 


0.22 


tr 




, ai 


2162 


OJ 


0.04 


0.1 




. 0.1 


2173 


0.3 


0.12 


0.3 


.vO;l6;:' 




2228 


1.5 


0,97 


1.6 




u 


2233 


0.1 


0 07 


0.1 


:j0.06i 


A 1- 
U.I 


2237 


0.2 


0.10 


0.2 , 


'•\'/V AO 


A 1 


2243 


LC 


— 


tr 




tr 


2260 


0.1 


0,08 


. 0,1 


•.*.''0l04. ; 


oil 


2297 


0.2 


0.10 


0.2 


/' a' rib' ' 


2301 


0.1 


0.05 


0.1 . 


. . !0.06 




2307 


0.3 


0.17 


0.i 




0.3 
0.2 


2313 


0.3 


0.26 


0.4 y 


,;-.<>^a. ., 


2324 


u 




tr / 




tr ■ 


2370 


0.5 


0.26 


0.5 . 




• ..0.4: 


2380 


0.1 


0.07 


0.1 . 


■ . ;%or; ' 


'0.1 
•0.^ 


2439 


0.2 


0.10 


0.2 . 




2468 


0.1 


0.04 


O.t 




■0.1 



0.26 
0.05 
0>13 

0,05 
0.05 
0.12 
0.19 



O.Ofi 

0.22 

0.05 

0.12 

0.37 
0.06 
0,37 
1,14 
0.08 
0.L5 

0.12 

ai4 

0.02 
0.18 
0.26 

0.20 
0.05 
0.09 
0.04 



tr=»(<0.05%). 

• Perocfliaac on 60 m DB-wux column. 



one of both groups^ or with the average of all trees 
investigated in this study. Genetic variability or different 
environmental influence might be the cause of these 
differences. 

The terpenes are synthesized and accumulated in vari- 
ous types of secretory structures, such as glandular 
tiichomes and resin ducts; secretory ducts are the 
accumulation sites of the essential oil of pines.'^ To 
a minor extent, diterpcne acids were also detected as 
constituents of soluble epiculticular lipids,'^ Dode- 
canoic add, l-ictradecanol, octadecane, and l-hex- 
adecanol are concluded to be constituents of 
epicuticular lipids of pine needlesJ^-'* Long chain 
aOcones and their derivates usually occur in leaf oils 
obtained by hydrodistillation in different yield depend- 
ing on the duration of the distillation." 

/rflfl^2'Hexenal and cir-3-hexcnoI are formed when 
leaves are damaged." A possible cause for their occur- 
rence in the needle oil of P. canariensis might be that 
the needles were cut into small pieces before distillation. 



On the other hand, stfiars^jhig^ of '^^^-J 

hexenal wn-e also dctckrt^a^afeffll^ pf oak leaves, ' 
^ although entire liiyc?h^:.y^^^^ Thus, it 

lOTiains uncertain whethc^lfttK subgU are genuine 
compounds in pine ncedkSi ' 

Ackmvhdsmemj-Tht antbttfiWij^cs toihank Profisior D. Mor- 
ales and Professor M. S. Jlmeottfoi^tteJi: Valuable help ond A. M. 
GonzQloz-Rodriijuei ind J.*Ptittri7<Htt .Unlverildad de U Laguna. 
Teneiifc, Spain) for thtir auppcJrt.jiuHag sample collection. 
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